presence of many ruffles or microvillous projections of different shapes and sizes in the plasma membrane.
In contrast, the fibroblasts are spindle-shaped and possess less numerous microvillous projections compared with the macrophages, and extracellular spaces neighboring the fibroblasts are loaded with collagen fibers. The fibroblasts are located superficially and sometimes contact each other by the desmosomes.
The macrophages are situated relatively deep in the dermis.
At the metamorphic stages, both fibroblasts and macrophages contain many phagolysosomes in common, but the desmosomes still remain between the fibroblasts, and therefore the fibroblasts are distinguished from the macrophages. The macrophages are characterized by the their phagolysosomes which contain degenerating cells or cell debris of fibroblasts, myelinated nerve fibers and neutrophils. The macrophages also exhibit a higher endocytotic activity than the fibroblasts for the injected foreign particles (FITCdextran or latex beads). On the other hand, the phagolysosomes (or autophagolysosomes) of the fibroblasts are characterized by intracellular collagen fibers. These different phagolysosomes between the macrophages and the fibroblasts mean that they may play different roles in the degeneration of the cellular or the extracellular components, respectively, of the tail fins during metamorphosis.
It is well-known that marked changes occur in the skin of the tail fins of amphibian larvae during metamorphosis (USUKU and GROSS, 1965; Fox, 1972a; Fox and WHITEAR, 1990; Fox and DURAND, 1990; KINOSHITA et al., 1985 KINOSHITA et al., , 1991 . The tissues of tail fins of amphibian larvae are relatively simple and are composed of the epidermis and dermis. The dermis contains the basal lamella (which are the layer of the collagen fibers that are arranged orthogonally under the epidermis), and fibroblasts and macrophages, as main cellular components. These cells just beneath the basal lamella are consistently fibroblasts or mesenchymal cells in the larval skins (KEMP 1963; USUKU and GROSS, 1965; NIIZIMA et al., 1965; Fox, 1972a; FOX and WHITEAR, 1990; ATKINSON and AT-KINSON, 1976; REICHEL 1976; SASAKI et al., 1983; KINOSHITA et al., 1985) . As metamorphosis proceeds, the collagenous basal lamella loses its orthogonal arrangement and gradually disappears. At this time, numerous collagen-containing vacuoles appear in the cells under the basal lamella. However, these collagencontaining cells are sometimes termed either macrophages (GoNA, 1969; Fox, 1972a Fox, , 1977 KINOSHITA et al., 1986a, b) or fibroblasts (USUKU and GROSS, 1965 : NIIZIMA et al., 1965 : REICHEL, 1976 : SASAKI et al., 1983 . Therefore, the present study was designed to clarify morphological differences between the macrophages and fibroblasts including the endocytotic capacity for foreign materials, as well as any morphological changes for them in the tadpole tail fins during amphibian metamorphosis. 
MATERIALS AND METHODS
Twelve larval axolotls, Ambystoma mexicanum, were used 6-10 months after fertilization. Twenty larvae of Rana japonica were collected in the Kanto district of Japan, and the larvae (stages X and XXII) were staged according to the table of TAYLOR and KOLLROS (1946) . Metamorphosis in the larval axolotls was induced by peritoneal injection of 3, 3', 5-triiodo-L-thyronine (T3) (Sigma, USA) in 0.1M phosphate buffer (0.2-0.5 ml/10-7/animals).
Larvae (stage XXII) of R. japonica, in which metamorphosis occurs spontaneously, were used in this study.
The animals were anesthetized with 0.05% MS-222 (Sankyo, Japan) and fixed by vascular perfusion or immersion with 2.5% glutaraldehyde in 0.1M phosphate buffer (pH 7.3). A dorsal tail fin from each animal was cut into small pieces with razor blades and these pieces were fixed for a further 3h in the above mentioned fixative.
While each group of four axolotls at non-metamorphic and metamorphic stage were under anesthesia, 0.2ml of FITC-dextran (MW 70,000, Sigma) in 0.9% NaCl was injected into the tail artery (THOR-BALL, 1981; MIKKELSEN et al., 1985) . Each five nonmetamorphic and metamorphic laevae of R. japonica were injected with 0.1ml of 1% latex beads (1.1um diameter, Sigma) in 0.9% NaCI directly into the dorsal tail fin. An equal volume of 0.9% NaCI was injected into the fins of other larvae serving as controls. Three days after the injection of latex beads and 7 days after the injection of FITC-dextran, the dorsal tail fin of each animal was fixed in the abovementioned fixative solution. These specimens were rinsed three times in the phosphate buffer, and postfixed for 2h in 2% osmium tetroxide in 0.1M phosphate buffer. After postfixation, the specimens were block-stained in 0.5% aqueous uranyl acetate for 3 h. The blocks were dehydrated in a graded ethanol series and embedded in Epon 812. Semi-thin sections for light microscopy were stained with toluidine blue. Ultrathin sections were stained with uranyl acetate and lead citrate, and observed under a Philips 300 or a JEOL 2000EX electron microscope.
Cryostat sections (about 10um thick) were prepared from the dorsal tail fins of the axolotls injected with FITC-dextran or from the non-injected axolotls. Fixation was carried out by immersion for 2h in 2% paraformaldehyde in cacodylate buffer, pH 7.2, followed by storage overnight at 4C in gum arabic sucrose. Sections were observed under a Leitz Orthoplan fluorescence microscope.
RESULTS

Non-metamorphic stage
The dermis of the tail fin contained fibroblasts and macrophages (Fig. 1a,  h ). The collagenous basal lamella in the tail fin was arranged orthogonally under the epidermis. The basal lamella was about 15 , um and 10,um thick in the larvae of A. mexicanum and R. Japonica, respectively, but became gradually thinner toward the apical side in both animals.
Fibroblasts were found in two different regions of the tadpole tail fin. Some were located superficially under the basal lamella and others were deep in the dermis. The former fibroblasts were elongated and spindle-shaped (Fig. 1b) , and the latter were relatively irregular in shape. Each fibroblast contained an elongated nucleus, poorly developed rough endoplasmic reticulum, and well-developed Golgi apparatus near the nucleus (Fig. 2a) . The cytoplasm presented few lysosomes and lipid droplets. The fibroblasts under the basal lamella were often in contact with and attached to each other by desmosomes (Fig. 2b) . The cell membranes in the desmosome were nearly parallel and separated by a distance of about 20nm. Both the intervening space and the cytoplasm adjacent to the junctional sites were increased in density. A few macrophages were located near the capillaries and fibroblasts in the dermis, although some macrophages were seen in the epidermis (Fig. 1b) . The macrophages were present as round cells containing an oval nucleus; these lacked the cell contact of the desmosomes with neighboring cells. The plasma membrane of the macrophages had many ruffles or microvillous projections (Fig. 3) . At this stage, the lysosomes of the macrophages in the dermis were relatively small and constant in size while those of the macrophages in the epidermis were varied in size.
At least 7 days after the injection of FITC-dextran (Fig. 4 ) and 3 days after injection of latex beads (Fig.  5a, b) , these particles were detected at higher levels in the macrophages than the fibroblasts.
Metamorphic stage
Prominent evidence of dermal degeneration was apparent only in the apical portions (Fig. 6a, b) in the tail fins of A. mexicanum. By contrast, in the tail fins of R. japonica, the degenerative changes occurred randomly in all regions of the tail dermis. A mass that consisted of mainly fibroblasts and macrophages, as well as disorganized collagen fibers, appeared under the epidermis of the apical edge of the fins. In the basal region of the axolotl fins, the dermis was developed into the basal lamella, stratum spongiosum and stratum compactum (Fig. 6a) .
Many disordered collagen fibers were seen around the fibroblasts in the regions where the degenerative changes were apparent. In these regions, desmosomes were observed between the fibroblasts which were located under the basal lamella (Fig. 7a, b) and also deep in the dermis (Fig. 8a, b) . These fibroblasts contained membrane-bounded structures which enclosed collagen fibers (Figs. 7a, 8a) . Cell processes were frequently seen to protrude into the neighboring bundles of collagen fibers. Other features of the fibroblasts were almost unchanged. Degenerating fibroblasts were frequently observed at the apical portion of the tail fins.
After the injection of FITC-dextran (7 days after) and latex beads (3 days after) into the tail fins, these particles were detected both in the macrophages and fibroblasts, though higher contents of the FITCdextran (Figs. 9, 10 ) and latex beads (Fig. 11) were seen in the macrophages than the fibroblasts. At this stage, the macrophages contained numerous lysosomes of various sizes, some of which were heterophagic and were enclosed fragments of fibroblasts which contained intracellular collagen fibers (Fig. 12) , neutrophil ( Fig. 13 ) and myelinated nerve fiber (Figs. 14, 15) .
DISCUSSION
In the dermis of the tail fins, cell-types of macrophages and fibroblasts are dominant in the anuran (Rana japonica) and the urodelan (Ambystoma mexicanum) larvae. One of the characteristics at the metamorphic stages in both animals is the occurrence of many phagolysosomes (or autophagolysosomes) in the macrophages and fibroblasts. Our observations demonstrated more clearly than previously that the fibroblasts and the macrophages are distinguishable from each other by the differing contents of their phagosomes. The cells just under the collagenous basal lamella, which are one of the cell types undergoing the most marked changes during metamorphosis, come to possess many of collagen-containing vacuoles. These collagens in the vacuoles are intracellular, demonstrated by a tracer, ruthenium red, and the vacuoles are positive for acid phosphatase activity (KINOSHITA, 1987; KINOSHITA et al., 1991) . There is a little confusion over the nomenclature for this type of cell (see Introduction) that may be due to these phagolysosomes (or autophagolysosomes). This study clarified that the collagen-containing cells are fibroblasts because of the presence of the desmosomes between them at the non-metamorphic and metamorphic stages. In well-developed connective tissue such as the gingiva in mammals, there are some kinds of connections, including desmosomes, between the fibroblasts (Ross and GREENLEE, 1966; GREENLEE and Ross, 1967; BEERTSEN et al., 1974; SHORE et al., 1981) . When tissue degeneration occurs and the fibroblasts possess many phagolysosomes (or autophagolysosomes) in the tail fins during metamorphosis, the desmosomes serve as one of markers for the identification of the fibroblasts.
The distribution of intracellular collagen fibers were first demonstrated by TEN CATE (1972) in the fibroblasts of oral connective tissue. For the mechanisms of the formation of the intracellular collagen fibers, there are mainly two different interpretations. One is that fibroblasts may associate with the degradation and remodeling of the collagen fibers by their uptake and digestion of the collagen fibers (LUSE and HUTTON, 1964; GARANT, 1976; MELCHER and CHAN, 1981; MARCHI and LEBLOND, 1983) . The other explanation is that the intracellular collagen fibers are a form of autophagocytosis of newly synthesized collagen products (MICHNA, 1988) . In resorption of collagen fibers in the larval tail fins during metamorphosis, it is important that the collagen fibers undergo extracellular digestion into fragments by collagenolytic enzymes (EISEN and GROSS, 1965; DAVIs et al., 1975) . However, digestion of the collagen fibers may require that the fragments of the collagen fibers be taken up by the fibroblasts. SELLERS and MURPHY (1981) have proposed that collagen fibers must be cleaved into suitable pieces of size for endocytosis. The macrophage has taken up more FITC-dextran (arrowheads) than has the fibroblast, which contains intracellular collagen fibers (arrows). X 7,000 Fig. 11 . Electron micrograph of a fibroblast and macrophages in the dermis of a dorsal fin from the larval tail of R. japonica at the metamorphic stage, removed 3 days after the injection of latex beads. There are more beads (arrowheads) in the macrophages than in the fibroblast. X 7,000
It is well-known in the tadpole tail muscles (WEBER, 1964; WATANABE and SASAKI, 1974; Fox, 1972b) and epidermis (KERR et al., 1974; KINOSHITA et al., 1985) that the macrophages play important roles in tissue degeneration by their high phagocytic activity during metamorphosis.
In the present study, it was evident that the macrophages phagocytose degenerated fibroblasts, myelinated nerve fiber and neutrophils at the metamorphic stages. Moreover, the macrophages revealed a high endocytotic capacity for foreign particles such as FITC-dextran and latex beads as compared with the fibroblasts. However, it has been demonstrated that the corneal fibroblasts (FUJITA et al., 1987) , and the fibroblasts of the dermis and subcutis (FUJITA et al., 1988) possess high endocytotic activity and long-term storage for the foreign materials such as India ink particles and latex beads. Therefore, it is suggested that the endocytotic activity of the macrophages and the fibroblasts are important in the process of the tissue regression in the tail fins.
Endocyosis and intracellular digestion of collagen fibers by macrophages (BRANDES and ANTON, 1969; PARAKKAL, 1972; PADYKULA and CAMPBELL, 1976; PADYKULA and TAYLOR, 1976 ) and decidual cells (ZORN et al., 1989) has been reported in mammalian uteri during decidualization. SVOBODA and DEPORTER (1980) have, however, reported that fibroblasts exhibit a specificity for the endocytosis of collagen fiber, but that macrophages preferentially take up latex beads in vitro. As far as was examined in this study, the macrophages in the tail fin never contain collagen fibers except for phagolysosomes which include degenerated fibroblasts. If there are such endocytotic preferences between the macrophages and the fibroblasts, it means that the macrophages are concerned with the removal of the cellular components and the fibroblasts are connected with the resorption of the degradated collagen fibers in the tail fin during amphibian metamorphosis. Figure 14 . A phagolysosome in the macrophage contains fragments of a degenerated axon in which many neurofilaments are still seen. x 27,600
